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The thesis entitled “Gas phase studies of metal complexes, isomeric 
carbanions and distonic radical anions under soft ionization mass spectral 
conditions” is organized into four chapters. 
CHAPTER 1: Gas phase ion Chemistry of CrIII(Salen) complex under 
electrospray ionization conditions. 
CHAPTER 2: Proton and alkali metal ion affinities of bidentate bases: 
spacer chain length effects. 
Part 1: Proton and alkali metal ion affinities of α,ω-diamines: spacer chain 
length effects. 
Part 2: Proton and alkali metal ion affinities of α,ω-diols: spacer chain length 
effects. 
CHAPTER 3: Generation of regiospecific carbanions under electrospray 
ionization conditions and characterization by ion-molecule reactions with 
carbon dioxide. 
Part 1: Generation of regiospecific carbanions from aromatic hydroxy acids 
and dicarboxylic acids.  
Part 2: Generation of regiospecific carbanions from sulfobenzoic acids. 
CHAPTER 4: Generation of distonic dehydrophenoxide radical anions 
under electrospray and atmospheric pressure chemical ionization 
conditions. 
Part 1: Generation of distonic dehydrophenoxide radical anions from 
substituted phenols under electrospray ionization conditions.  
Part 2: Generation of distonic dehydrophenoxide radical anions from 
substituted nitrobenzenes under atmospheric pressure chemical ionization 
conditions.
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CHAPTER 1: Gas phase ion Chemistry of Chromium-Salen complex under 
electrospray ionization conditions. 
 The gas-phase coordination behavior of the [CrIII(Salen)]PF6 complex at 
the free axial positions has been studied in the presence of amines 
anddiamines under ESI conditions. The positive ion ESI mass spectrum of 
[CrIII(Salen)]+ complex in acetonitrile (ACN) shows stable five- and six-
coordinated complex ions, [CrIII(Salen)(ACN)]+ and [CrIII(Salen)(ACN)2]
+ ions, 
at m/z 359 and 400 respectively. This result prompted us to study the 
coordination chemistry of the [CrIII(Salen)]+ complex with mono- and bi-dentate 
ligands (amines and diamines) in detail. The ESI mass spectrum of the 
[CrIII(Salen)]+ complex in the presence of propylamine (PA) clearly 
demonstrate the displacement of solvent molecules present in the axial 
positions by the stronger ligand. Due to cone fragmentation of the 
[CrIII(Salen)(PA)2]
+ to [CrIII(Salen)(PA)]+ and [CrIII(Salen)]+ that immediately 
picks up one molecule of acetonitrile, the surrounding solvent molecule, to 
result in a stable six-coordinated complex ions.   
 In the ESI mass spectra of [CrIII(Salen)]+ and diamines [H2N-(CH2)n-NH2, n 
= 2-8 (1-7)] the relative abundances of ligated complex ions, fragment ions, 
and solvent adducts of fragment ions in the ESI mass spectra, were found to 
depend on the ligand size used for recording the spectrum at 30 V cone 
voltage. With a view to study the stability of diamine complexes with 
[CrIII(Salen)]+, we also performed ligand-pickup experiments with acetonitrile 
in the collision cell and collision induced dissociation (CID) experiments using 
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Pc/Pd ratios on [CrIII(Salen)(DA)]+ ions. In all these experiments the obtained 
order of stabilities of [CrIII(Salen)(DA)]+ complexes for diamines 1-7 can be 
given as 2>1>3>4,7>6>5. 
 
CHAPTER II: Proton and alkali metal ion affinities of bidentate 
bases: spacer chain length effects. 
Part I: Proton and alkali metal ion affinities of α,ω-diamines: spacer chain 
length effects. 
 To evaluate the relative alkali metal ion [Li+, Na+ and K+] affinities for a 
series of seven homologues α,ω-diamines, H2N-(CH2)n-NH2 (n = 2-8, 1-7) we 
have used the kinetic method. The heterodimeric ions, [DA1+Li+DA2]
+, 
dissociate by competitive elimination of neutral diamines yielding two 
fragment ions corresponding to [DA1+Li]
+ and [DA2+Li]
+. The relative 
abundances of the resulted Li+ associated monomers, viz., I(Li+-DA1) and I(Li
+-
DA2)  vary and reflect the Li
+ ion affinity of individual diamine.  
[DA1--Li
+--DA2]
DA2  +  DA1Li
+
DA2Li
+  +  DA1  
Alkali metal ions and proton affinity ladder constructions 
 The ln[I(Li+-DA2)/I(Li
+-DA1)]  ratio values are used to construct relative 
Li+ ion affinity ladder. In this ladder construction, most of the diamines are 
compared to at least three others. From Li+ ion affinity ladder, the relative Li+ 
ion affinity order for α,ω-diamines can be given as,  1Li+ < 3Li+ ≤ 2Li+ < 4Li+ < 
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6Li
+
 < 5Li
+
 ≤ 7Li
+
. In the lithium affinity order for α,ω-diamines, the deviation of 
compound 2 and 5 in the order indirectly suggesting that structure of the 
lithiated diamine may be playing a role.  
 We have extended similar experiments to construct Na+, K+ and H+ ion 
affinity ladders of diamines by performing similar experiments. From these 
ladders, the relative Na+ ion affinity order can be given as1Na+ < 2Na+ < 3Na+ < 
4Na+ < 5Na+ < 6Na+ < 7Na+,  for K+ ion 2K+ < 1K+ < 3K+ < 4K+ < 6K+ < 5K+ < 7K+ 
and for proton 1H+ < 2H+ < 7H+ < 6H+< 5H+ < 4H+ < 3H+. Contrasting orders 
were found for relative proton and alkali metal ion, when compared them with 
their relative affinity orders. The observed contrasting orders for H+ and Li+ are 
explained by quantum chemical calculations.  
Part II: Proton and alkali metal ion affinities of α,ω-diols: spacer chain length effects. 
 However, we have also applied the kinetic method to measure the 
relative proton and alkali metal ion affinity orders for the selected series of α,ω-
diols (HO-(CH2)n-OH, n = 2-10, 8-16). The obtained relative proton affinity 
order can be given as 8H+<< 9H+<< 14H+≈ 13H+< 12H+< 11H+< 10H+< 15H+< 
16H+, in which the order for 8-12 is inline with the reported proton affinities. 
The relative proton affinity order of diols 8-16 is exactly correlating with the 
order that obtained for corresponding diamines 8-16.  
 In a similar way we have constructed relative Li+, Na+ and K+ (M) affinity 
ladders by replacing proton with alkali metal ion. The obtained orders can be 
given as 8M+<< 9M+< 10M+< 11M+< 12M+< 13M+< 14M+< 15M+< 16M+. From 
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this metal ion affinity order of the diols, it can be noticed that the relative metal 
ion affinity gradually increased with the increase in the spacer chain length 
(number methylenes) of the diol. The overall proton/alkali metal ion affinity 
orders of diols is almost similar to that obtained for diamines, except some 
dissimilarities for the Li+ ion affinity order of diamines.  
Chapter III: Generation of regiospecific carbanions under electrospray 
ionization conditions and their characterization by ion-molecule reactions 
with carbon dioxide. 
Part 1: Generation of regiospecific carbanions from aromatic hydroxy acids and 
dicarboxylic acids.  
 We have generated [(M-H)-CO2]- anions under high cone voltage 
negative electrospray ionization mass spectral conditions, which are highly 
unstable as carbanions, from isomeric carboxylic acids studied (1-17) i.e., one 
set of geometrical isomers [maleic acid (1), fumaric acid (2)] and five sets of 
positional isomers i) aromatic dicarboxylic acids [phthalic acid isomers, 3-5; 
and pyridinedicarboxylic acid isomers, 6-9], ii) aromatic hydroxy acids, 
[hydroxy benzoic acid isomers, 10-12; hydroxy nicotinic acid isomers, 13-14; 
and hydroxy phenylacetic acid isomers, 15-17], [M-H]- ion by the loss of CO2 
under electrospray ionization conditions. These decarboxylation products are 
unstable due to the internal proton exchange from acid/hydroxy group or 
external with solvent is expected. These compounds possess carbanions at 
different positions (cis/trans or o/m/p) and hence, we have performed ion-
molecule reactions with CO2 in the collision cell to confirm the survival of 
carbanion.  
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The ion-molecule experiments showed that the [(M-H)-CO2]
− from 2, 4, 5, 
7-9, 11, 12, 14, 16 and 17 reacted with CO2 and resulted in the corresponding 
carboxylate anion, and that from 1, 3, 6, 10, 13, 15 did not react. The survival of 
carbanion suggests that the proton exchange is kinetically unfavorable by the 
fact that the carbanion and the -COOH group are in trans/meta/para position. 
These results clearly reflect the geometrical isomeric differences between the 
decarboxylation product ions of 1 to 17 and their difference in internal stability. 
The relative abundance of CO2 adduct ions increased by 2-25 %, when 
experiments are performed at increased source/desolvation temperatures. 
This phenomenon clearly confirms increased ion formation in the solvent free 
region at higher source and desolvation temperatures due to reduced proton 
exchange reactions between the generated carbanion and solvent molecules. 
Clear support comes from the computational studies, which show that 
intramolecular proton transfer is responsible for precluding the observation of 
the one of the twin isomeric carbanions. 
Part 2: Generation of regiospecific carbanions from sulfobenzoic acids. 
 We have extended our study with isomeric sulfobenzoic acids (18-20) 
and disulfonic acids (21-22) to explore the stability studies of carbanions in the 
presence of internal acidic protons after decarboxylation. The negative ion ESI 
mass spectra of all these isomeric compounds showed common fragment ions 
at m/z 157 corresponding to [(M-H)-CO2]
¯ (18-20) or [(M-H)-SO3]
¯ ions (21 and 
22), at 30 eV cone voltage.  
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 The ion-molecule experiments showed that the [(M-H)-CO2]
¯ ions from 
19 and 20 reacted with CO2 and resulted in the corresponding carboxylate 
anions, and that from 18 did not react. This selective reaction reveals that the 
[(M-H)-CO2]
¯ ions from 19 and 20 are surviving as carbanions, whereas that of 
18 is undergoing isomerization through exchange of acidic proton from 
COOH to carbanion. Interestingly, the [(M-H)-SO3]
¯ ions from both 21 and 22 
did not react with CO2, which confirms that the generated [(M-H)-SO3]
¯ ions 
from 21 and 22 are benzenesulfonate anions, but not carbanions. 
Chapter IV: Generation of distonic dehydrophenoxide radical anions 
under electrospray and atmospheric pressure chemical ionization 
conditions.  
Part I: Generation of distonic dehydrophenoxide radical anions from substituted 
phenols under electrospray ionization conditions.  
The distonic ions, which contain the charge and radical sites at different 
positions, have been used in mass spectrometric studies of free radical 
chemistry. In this work, we have used cone fragmentation phenomena towards 
the generation of distonic isomeric dehydrophenoxide radical anions using the 
cone fragmentation method.  
The negative ion ESI spectra of nitro benzoic acids (1-3) showed abundant 
specific fragment ions at m/z 92. With the aid of CID experiments, the fragment 
ion at m/z 92 confirmed as the [(M-H)-CO2-NO]
-..  Kass et al observed similar 
fragment ions in the two stage SORI CID experiments on these [M-H]- ions. 
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Appearance of the ion at m/z 92 in the source spectra of 1-3 clearly suggests 
that radical anions did form by the ESI source fragmentation also.  
We have also generated m/z 92 ion from substituted isomeric phenols (4-
12), i.e. o-, m- and p- isomers of nitro phenols (4-6), hydroxy benzaldehydes (7-
9) and cresols (10-12). All these isomeric compounds at high cone voltages 
generating ion at m/z 92, C6H6O
-. except in the case of 7, by loosing R which are 
corresponds to [(M-H)-R.]-, R= -CH3 (4-6), -NO2 (8-9), -CHO (10-12), 
respectively. We have also confirmed the formation of ion at m/z 92 in the CID 
spectra of [M-H]- ion from the compounds 4-6, 8-12. The composition of the m/z 
92 dehydrophenoxide radical anion is also supported by the high-resolution 
measurements. The C6H4O
-. radical anions from 2-6, 8-12 reacted with CO2 in 
the ion-molecule experiments and resulted in the corresponding radical anions.  
Part II: Generation of distonic dehydrophenoxide radical anions from substituted 
nitrobenzenes under atmospheric pressure chemical ionization conditions. 
In this part, we have studied o-, m- and p- substituted (R) nitro benzenes [R = 
-CHO (13-15) and -COCH3 (16-18)]. Since nitro aromatic compounds are not 
amenable in negative electrospray conditions we have gone for negative 
atmospheric chemical ionization source conditions. In all cases, APCI mass 
spectra, M-. molecular anions are appeared at low cone voltage (10 eV). While 
increasing the cone voltage the mass spectra of all the compounds yeild 
characteristic fragment ions. The compound 14 and 15; 17 and 18 show specific 
ion at m/z 92 corresponding to the loss of CHO. and COCH3
. radical from the ion 
at m/z 121 and 135, respectively.  The results obtained in CID experiments are 
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similar to those obtained in the source fragmentation. To test these produced 
dehydrophenoxide radical anions, we have gone for ion-molecule reactions 
with the corbondioxide in the collision cell. As expected, similar results 
obtained as in the ESI experiments. 
